Abstract-In this design, low cost coplanar slim tag antenna has been introduced for UHF band (860-960 MHz) which is designed for metallic objects. The tag antenna was proposed with proximity coupled feeding; a transmission line fed by a Ushaped inductively coupled feed and two symmetrical coplanar ground layers. Furthermore, the U-shaped feeder's configuration consists of two opposing symmetrical U-shaped structures to feed the tag antenna. The size of the antenna was 72×42×1.6 mm 3 at 915 MHz. According to the results, the gain for the tag antenna reached up to 2.3 dBi at 915 MHz. In addition, the bandwidth of the antenna is 15 MHz (907-922) MHz (the power reflection coefficient was lower than -3 dB), while the reading range reached up to 5.3 meters. Besides, the results obtained from the implementation showed very good impedance matching due to the flexibility generated by the U-shaped inductive feeder.
I. INTRODUCTION
R ADIO frequency is significantly receiving very huge attention for the reason of its long reading range and low fabrication cost features. Besides, chip power consumption [1] and gain of antenna, efficiency. The microchip sensitivity plays a great role for good read range. Furthermore, All-over size, reading distance and the tagging objects that are suitable for the antennas are the main factors that antenna depend on [2] . Generally, the main reasons for designing tag antenna for ultra-high frequency are to prolong the reading range, expand the bandwidth, and amplify the gain. Nevertheless, efficient financial support should be supplied for the robustness of the system, as well as for reliability. Recently, the problem a raised in RFID applications the incident of electromagnetic wave reflects with reverse phase pattern when the antenna attached directly to metallic tagged objects. And thus result from that alteration in resonant frequency, input impedance and radiation patterns. aside from, the changes in these parameters rely on the measurement of the object, the material, and the distance from it [3] , [4] . Moreover, the major challenge that has been permanent caused by the RFID technology of the UHF brand has resulted in a dominant change for antenna efficiency degradation, which is triggered by a nearby object, especially focus on the object made of metallic material [5] , [6] .
In this work, a Coplanar transmission line tag antenna was proposed. The tag antenna was fed by embedded U-shape inductive feeder in the middle of the top layer to supply the capacitive effect for the tag antenna. The tag designed connected the transmission line through vias to the back side to form the HIS topology. The kinds of UHF RFID IC chip are discussed in clear way in this paper. This tag antenna fabricated with low cost material, simple structure, compact size and high gain [7] , [8] . Finally, the authors were motivated to utilize coplanar transmission line antenna due to the high gain acquired by [9] , low dispersion losses by [10] , and high efficiency as well as good bandwidth as depicted by [11] , [12] , and [14] respectively. The results were discussed thoroughly. Following that discussion on effective parameters and theoretical read range based simulation results.
II. ANTENNA CONFIGURATION
Low cost compact coplanar UHF RFID tag antenna was proposed in Fig 1. For mounted metal objects. The tag antenna configuration Consisted from two U-shaped feed structures embedded in between a transmission line with two ground planes that formed the coplanar structure. The ground plan located at the back of the tag antenna was linked to two transmission lines. in addition, The tag antenna utilized a Murata RFID MAGICSTRAP LXMS31ACNA-011 tag chip (Murata Manufacturing Co.,Ltd., 2012) [14] , with input impedance of (25 − j200)Ω at a resonance frequency at 915 MHz. The minimum operating threshold power sensitivity of the tag chip was -8 dBm. The Murata RFID chip was connected directly to two opposite U-shapes centers, thus the radiating for the tag antenna was fed via mutual coupling [15] . The tag antenna was etched on a FR4 substrate with a relative permittivity of 4.4, as well as a thickness of 1.53 mm and dielectric loss tangent of 0.02. The copper with the thickness of 0.035 mm which has a conductivity of 5.8 × 10 7 S/m was utilized as a radiating element. The tag antenna size is equal to 72×42×1.6 mm 3 . Generally, it's very crucial to optimize all these parameters to achieve the best impedance matching and resonant frequency. The dimension of the antenna was ascertained to achieve the conjugate impedance matching after optimizing a simulation. In comparison with recent works, the size of the tag antenna was a miniature, and thus, the gain was enhanced greatly. With that, gain enhancement was brought to light to reach up to 2.3 dBi at 915 MHz. the dimension of the tag antenna is depicted in Table I , the length of the antenna is 72 mm, the width is 42 mm, the gap between the grounds and the U-shaped feeder is 0.8 mm, the width of the U-shaped feeder is 2 mm, the coplanar grounds plane is 14.95 mm, the gap between the U-shaped feeder and the transmission line is 0.25 mm, the length of the U-shaped feeder is 35.75 mm, the width of the transmission line is 6 mm, and the length of the transmission line is 33.5 mm. 
III. RESULTS AND DISCUSSIONS
The tag antenna operates with list of parameters which may affect the antenna greatly. The conjugate matching impedance can be achieved by optimizing the capacitive effect of (glw) as demonstrated in Fig 2. Furthermore, there are many parameters can be chosen to solve the matching problem. The gap which is located between the U-shape feeder and transmission line can be very effective for adjusting resonant frequency as shown in Fig 3. The width of the U-shape feeder (uiw) can be considered one of the effective parameters to obtain the favorite resonant frequency. Fig. 4 has shown the different sizes of (uiw) for return loss (s 11 ).It is noticed that, the size of U-shape inductive feeder is very important to be adjusted to obtain the resonant frequency at 915 MHz. 
where Z ant is the impedance of the radiating coplanar tag antenna, Z U is the impedance of the U-shaped inductive feeder and M is the mutual inductance between them. This equation illustrate in specific that the input reactance is depended only on (uil) U-shape feeder length, whilst the input resistance depends mainly on the M and R U apart from radiating coplanar antenna at the operation frequency. Therefore, this design has a wide space for the list of parameters to be chosen to optimize the resonant frequency and conjugate impedance matching. Form simulation point of view, the tag antenna displayed very good performance in present of metallic objects. besides that, the tag antenna was designed and simulated by CST Design Studio 3D full-wave electromagnetic simulator (Computer Simulation Technology, 2013) [16] , and then, the antenna was modeled by using a 200×200 mm 2 sized perfect electrical conductor (PEC). According to the results, tag antenna offered a good performance and the return loss (more than -22.5 dB) was displayed in Fig 5. More than that, it was obvious that the results obtained from the simulations displayed good performance for this tag antenna. This tag antenna enhanced the gain up to 2.3 dBi; while the efficiency is more than 36%, which was better than other designs [17] , [18] , [19] , [20] , [21] , [22] with bigger sizes. Finally, the suggested tag antenna exhibited a low cost with higher gain and good efficiency. The simulations of HPBW at 915 MHz had been 15 MHz (906-922) MHz, Both the Fig.  6 and Fig. 7 demonstrates the input impedance of introduced tag antenna at 915 MHz from simulation part. The result of simulated input impedance is (23+j198.2)Ω. Moreover, Fig. 8 displays the far-field radiation pattern of the proposed antenna at 915 MHz. The most crucial parameter is read range which plays a very significant role to measure the farthest distance that can be accomplished by the RFID reader antenna.
The maximum allowable gain which can be gained from the tag RFID antenna is the most important parameter that read range relies on. The read range depends on the IC chip power sensitivity as well. In practice, the tag antenna needs to be validated in this way. By using Friis free-space equation τ max to calculate the theoretical read range [23] :
Where EIRP = (P t G t ) is an Effective Isotropic Radiated Power, the λ is the wavelength, and G r is the receiving gain of tag antenna. The Effective Isotropic Radiated Power EIRP is equal to 4 W, The minimum threshold power P th is equal to -8 dBm. The receiving gain of tag antenna is 2.3 dBi and the wavelength, λ has a value of 0.3276 m at the operational frequency of 915 MHz. After applying the equation (2), the results of the farthest theoretical reading distance can be accomplished from this computation is 5.3 m. This study had a power threshold at -8 dBm and this value is indeed very high if compared with those of other types like Higgs for Alien technologies or Taxas instrument. Hence, the tag antenna read range could be improved to triple. Finally, the proposed tag antenna exhibited better gain, read range, size, and impedance matching. Hence, the main contribution depended on first, the coplanar transmission line and second, the inductive feeding technique formed as U-shaped inductively coupled feed, which compiled inductance to the coplanar tag elements. 
IV. CONCLUSION
A novel low cost coplanar UHF RFID tag antenna for metal mounted applications which has been fed through very suitable two opposing symmetrical U-shaped inductively coupled feed, was proposed in this work. The tag antenna has been simulated, modeled and the tag preformed very good in existence of metallic objects. An adjustable technique which provided by the tag antenna displayed very good performance to pinpoint the strength of U-shape inductive feeder, which is offering very prefect solution to settle the impedance matching problem. Finally, coplanar transmission line technique is contributing a very good method to increase the efficiency as it well known for the metallic objects could decrease its efficiency in significant way. Furthermore, the gain of the proposed tag antenna reached to 2.3 dBi with very low cost material. The suggested antenna offers a better gain than recently introduced slim traditional tag antennas [12] , [13] , [14] , [15] , [16] , [17] . The size of proposed antenna is 72×42×1.6 mm 3 , which in comparison to the mentioned antennas for metallic applications is smaller in size with better in gain and longer in reading range 5.3 meters. .
